11. Using three independent observed parameters (i.e., the surface echo amplitude, the subsurface echo amplitude, and the delay time of the subsurface echo relative to the surface echo), we need to determine four independent parameters (i.e., dielectric constants of two subsurface layers, the loss tangent of the top layer, and the depth of the subsurface reflector). The equilibrium iron isotope fractionation between lower mantle minerals and metallic iron at core-mantle boundary conditions can be evaluated from the high-pressure 57 Fe partial vibrational density of states determined by synchrotron inelastic nuclear resonant x-ray scattering spectroscopy using a diamond anvil. Ferropericlase [(Mg,Fe)O] and (Fe,Mg)SiO 3 -post-perovskite are enriched in heavy iron isotopes relative to metallic iron at ultrahigh pressures, as opposed to the equilibrium iron isotope fractionation between these compounds at low pressure. The enrichment of Earth and Moon basalts in heavy iron isotopes relative to those from Mars and asteroid Vesta can be explained by the equilibrium iron isotope fractionation during the segregation of Earth's core and the assumption that Earth was already differentiated before the Moon-forming "giant impact."
. A. M. Freed, H. J. Melosh, S. C. Solomon, J. Geophys. Res. 106, 20603 (2001 The equilibrium iron isotope fractionation between lower mantle minerals and metallic iron at core-mantle boundary conditions can be evaluated from the high-pressure 57 Fe partial vibrational density of states determined by synchrotron inelastic nuclear resonant x-ray scattering spectroscopy using a diamond anvil. Ferropericlase [(Mg,Fe)O] and (Fe,Mg)SiO 3 -post-perovskite are enriched in heavy iron isotopes relative to metallic iron at ultrahigh pressures, as opposed to the equilibrium iron isotope fractionation between these compounds at low pressure. The enrichment of Earth and Moon basalts in heavy iron isotopes relative to those from Mars and asteroid Vesta can be explained by the equilibrium iron isotope fractionation during the segregation of Earth's core and the assumption that Earth was already differentiated before the Moon-forming "giant impact." I ron isotopes may provide important information for understanding the mechanisms of planetary differentiation and core formation. Basalts from Earth and the Moon are enriched in heavy Fe isotopes relative to those from Mars and asteroid Vesta and from chondrites, which are primitive undifferentiated meteorites (1) (2) (3) [supporting online material (SOM) text and fig.  S1 ]. In addition, possible differences in the Fe isotope compositions between lunar and terrestrial basalts (1, 2, 4-6) (SOM text and fig. S2 ) are currently under debate. The mechanism for the heavy Fe isotope compositions of Earth and Moon basalts is unclear (4-6). The heavier Fe in Earth and Moon basalts has been suggested to result from evaporation and condensation during the "giant impact" that is thought to have created the Moon (1, 4, 7) or from Fe isotope fractionation caused by partial melting and magmatic differentiation (5, 8 Fe partial vibrational densities of states (PVDOSs) derived from high-pressure synchrotron inelastic nuclear resonance x-ray scattering (INRXS) spectroscopy (14-16) and a calculation method allowing computation of the b factor from the PVDOS (11, 17) .
The (14) at pressures corresponding to CMB conditions (>100 GPa) exceed those at ambient pressures by a factor of 3 ( Fig. 1 Fe lnb is higher than those of many other minerals at high pressures (Fig. 3) . Fe isotope fractionation factors between the lower mantle Fe-bearing minerals and metallic Fe have opposite signs at ambient and CMB pressures (Fig. 4) . The equilibrium Fe isotope fractionation at CMB pressures between ferropericlase and Fe varies from 0.012 T 0.029‰ at 2000 K to 0.0010 T 0.0053‰ at 4000 K (which is very small), whereas that between (Fe 0.4 Mg 0.6 )SiO 3 -post-perovskite and Fe is significant and varies from 0.24 T 0.043‰ at 2000 K to 0.062 T 0.012‰ at 4000 K. Following (13) and assuming that the total amount of Fe is equally distributed between post-perovskite and periclase phases at the CMB, the calculated equilibrium The equilibrium Fe isotope fractionation factor between silicate and Fe metal is negative at low pressures (Fig. 4 ) (10-12) but changes its sign and becomes positive at ultrahigh pressures of~100 GPa (Fig. 4) . The sign of the equilibrium Fe isotope fractionation factor between metallic Fe and ferrous silicates may thus be considered as the indicator of ultrahigh pressure in silicatemetal differentiation processes.
The estimated Fe isotope fractionation at CMB conditions implies that the enrichment of terrestrial basalts in heavy Fe isotopes relative to those from Mars, Vesta, and chondrites was caused by core-mantle differentiation in Earth occurring mainly at high pressure. Core formation in Mars and Vesta at low-pressure conditions would have resulted in small isotope enrichments of silicates in light Fe isotopes. The BSE is also enriched in the heavy isotopes of Si. These data can be explained by the preferable accumulation of the light Si isotopes in Earth's core (13) . Thus, analogous isotope fractionation of Fe and Si might have occurred during the core segregation. In contrast, no measurable differences among planets and meteorites in isotope compositions were detected for light elements such as Mg and Li (21, 22) , which are not likely to be present in Earth's core. The absence of such differences for Mg and Li isotopes, which have volatilities higher than (Li) or comparable to (Mg) that of Fe, also renders evaporation unlikely as an explanation of the interplanetary differences in Fe isotope composition (13) .
One can explain the enrichment of lunar basalts in heavy Fe isotopes, similar in magnitude to those of terrestrial basalts, in terms of the equilibrium Fe isotope fractionation during Earth's core-mantle differentiation, if Earth was already differentiated before the Moon-forming giant impact. However, the putative enrichment of lunar basalts in heavy Fe isotopes relative to those from the Earth (1, 4) (SOM text and fig. S2 ) requires other mechanisms. (27) by a method described elsewhere (10, 18) . The b factors for metallic Fe (Fig. 1) and hematite (10, 11) are also shown for comparisons. The b factor for hematite at ambient pressure from (10) was used as an analog for the perovskite phase by Georg et al. (13) .
